Congenital mirror movements (CMMs) are involuntary, symmetric movements of one hand during the production of voluntary movements with the other. CMMs have been attributed to a range of physiological mechanisms, including excessive ipsilateral projections from each motor cortex to distal extremities. We examined this hypothesis with an individual showing pronounced CMMs. Mirror movements were characterized for a set of hand muscles during a simple contraction task. Transcranial magnetic stimulation (TMS) was then used to map the relative input to each muscle from both motor cortices. Contrary to our expectations, CMMs were most prominent for muscles with the strongest contralateral representation rather than in muscles that were activated by stimulation of either hemisphere. These findings support a bilateral control hypothesis whereby CMMs result from the recruitment of both motor cortices during intended unimanual movements. Consistent with this hypothesis, bilateral motor cortex activity was evident during intended unimanual movements in an fMRI study. To assess the level at which bilateral recruitment occurs, motor cortex excitability during imagined unimanual movements was assessed with TMS. Facilitory excitation was only observed in the contralateral motor cortex. Thus, the bilateral recruitment of the hemispheres for unilateral actions in individuals with CMMs appears to occur during movement execution rather than motor planning.
The ability to move one hand while keeping the other at rest is a ubiquitous characteristic of human motor control. Under certain conditions, however, the independent control of the hands is diminished; when attempting to move one hand, involuntary activation of homologous muscles in the other hand is observed, a phenomenon referred to as mirror movements. Mirror movements are common during normal human development and usually disappear after the complete myelination of the corpus callosum (Mayston, Harrison, & Stephens, 1999; Muller, KassIliyya, & Reitz, 1997; Wolff, Gunnoe, & Cohen 1985) . Adults may also exhibit mirror movements when executing difficult uni-manual actions (Aranyi & Rosler, 2002) or following damage to cortical and subcortical areas of the brain (Farmer, 2005; Nelles, Cramer, Schaechter, Kaplan, & Finklestein, 1998; Rocca et al., 2005) .
Some individuals manifest mirror movements throughout their lifetime (Schott & Wyke, 1981) . This condition may be associated with developmental abnormalities such as in Klippel-Fiel syndrome or X-linked Kallmann's syndrome, or may be present even in the absence of other neurological or peripheral abnormalities (for review see Vulliemoz, Raineteau, & Jabaudon, 2005) . For the latter group, mirror movements are frequently observed in multiple family members, indicating a genetic basis. These behaviors are referred to as congenital mirror movements (CMMs).
CMMs have been associated with abnormal descending corticospinal projections. Studies using transcranial magnetic
